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measurement t e c h n i q u e  i s  n o t  p r e s e n t e d .  
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r e a s o n s  f o r  such  l a r g e  d i s c r e p a n c i e s  a re  n o t  a p p a r e n t .  

If t h e s e  v a r i o u s  d i f f i c u l t i e s  p rove  t o  be  a c t u a l ,  t h e y  
Icould impact t h e  p l a n n i n g  f o r  t h e  l o n g - d u r a t i o n  AS-204 f l i g h t  and  even 
the  l u n a r  l a n d i n g  m i s s i o n .  A t t e n t i o n  i s  d i r e c t e d  toward these  
‘ r e s u l t s  t o  maximize t h e  u s e f u l n e s s  o f  f l i g h t  data,  and a u n i f i e d  
s t u d y  i s  s u g g e s t e d  t o  r e s o l v e  t h e  d i f f i c u l t i e s .  

* I n c l u d i n g  c o r r e c t i o n s  t o  t h e  p o s t l a u n c h  r e p o r t  which 
were I s s u e d  by MSC i n  December. 
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1. I n t r o d u c t i o n  

There has been a g r e a t  dea l  of a c t i v i t y  and c o n t r o v e r s y  
a b o u t  t h e  p r o p e l l a n t  budge t s  f o r  t h e  v a r i o u s  R e a c t i o n  C o n t r o l  
Systems (RCS) of t h e  Apollo s p a c e c r a f t .  1’2,3’4 One d i f f i c u l t y  has 
been t h e  c r e d i b i l i t y  gap between a n a l y t i c a l  p r e d i c t i o n s  and a c t u a l  
i n - f l i g h t  e x p e r i e n c e .  The u b i q u i t o u s  s u g g e s t i o n  of examining 
Gemini r e s u l t s  has produced no da t a .  The f l i g h t  of S p a c e c r a f t  011 
on Miss ion  AS-202 on August 25,  1966,  has  now produced a s e t  o f  
p e r t i n e n t  data  which c a s t  doubt on t h e  v a l i d i t y  of p r e s e n t  RCS 
p r o p e l l a n t  budge t ing  p r o c e s s e s .  

The f l i g h t  “Uta q u ~ t e d  h e r e i n   re eofitaiiied i i i  “ P u s i i a u n c n  
Repor t  f o r  Miss ion  AS-202 (Apol lo  S p a c e c r a f t  Oll),” MSC, October  12 ,  
1966.h Unless  o t h e r w i s e  n o t e d ,  page ,  t a b l e  and f i g u r e  r e f e r e n c e s  used  
i n  t h i s  memorandum r e f e r  t o  t h e  Command Module ( C M )  and S e r v i c e  
Module (SM) RCS data c o n t a i n e d  on pages  7-157 t o  7-180 of t h e  p o s t -  
l a u n c h  r e p o r t .  While t h i s  a u t h o r  does  n o t  s u b s c r i b e  t o  a l l  t h e  
s t a t e m e n t s  c o n t a i n e d  t h e r e i n ,  t h e y  do r a i se  q u e s t i o n s  abou t  t h e  
RCS b u d g e t s  for l o n g - d u r a t i o n  Miss ion  AS-204, t h e  Lunar O r b i t  Ren- 
dezvous  ( L O R )  Miss ion  and o p e r a t i o n  o f  t h e  Lunar Module (LM) RCS. 

2 .  Loaded P r o p e l l a n t s  

T a b l e  7.9-11 (page  7-164) shows t h a t  t h e  e i g h t  SM RCS 
t a n k s  c o n t a i n e d  1 . 0  t o  2 . 6  p e r c e n t  l e s s  t h a n  t h e i r  nominal l o a d  of  
p r o p e l l a n t ;  t h e  t o t a l  l o a d  i s  off 1 . 9  p e r c e n t .  ( T a b l e  7.9-VIII, 
page  7-170, shows t h e  f o u r  CM RCS t a n k s  a re  off 0.7  t o  1 . 7  p e r c e n t ,  
w i t h  t h e  t o t a l  b e i n g  off 1 . 3  p e r c e n t . )  It would be  i n t e r e s t i n g  
t o  l e a r n  t h e  s o u r c e  of these o f f - l o a d i n g  e f f e c t s  and  how s u c h  p r e c i s e  
measurements  of them were made. G e n e r a l l y ,  l o a d i n g  accu racy  i s  t aken  
a s  0 . 5  p e r c e n t , *  and w h i l e  t h e  d i s c r e p a n c y  ( 1 . 4  p e r c e n t )  i s  n o t  large,  
i t  i s  35 p e r c e n t  of  t h e  a l l o c a t i o n  ( 4  p e r c e n t )  for an  o p e r a t i o n a l  
marg in  on Miss ion  AS-204 ( r e f e r e n c e  5 ) .  

*An independent  s t u d y  by t h e  a u t h o r  examined v a r i a t i o n s  i n  t a n k  
volumes,  b ladder  e x p u l s i o n  e f f i c i e n c i e s ,  l o a d i n g  t e m p e r a t u r e s  and 
b a t c h  d e n s i t y ;  t h e  r e s u l t  i s  t h a t  t h e  a r b i t r a r y  v a l u e  of 0 . 5  p e r -  
c e n t  i s ,  i n d e e d ,  a good e s t i m a t e .  

#!Including t h e  da t a  c o r r e c t i o n  i n  r e f e r e n c e  6 .  
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3. Gaging Accuracy 

The p r o p e l l a n t  consumed d u r i n g  Miss ion  AS-202 was es t imated  
by two gag ing  t e c h n i q u e s .  The PTV g a g i n g  t e c h n i q u e  used  p r e s s u r e -  
temperature-volume (PTV)  measurements of  t h e  he l ium p r e s s u r a n t ;  t h i s  
i s  t h e  gag ing  s y s t e m  t o  b e  used by t h e  a s t r o n a u t s  on t h e  LOR Miss ion .  
The second t e c h n i q u e  i s  based on t h e  f i r i n g  data and i s  t h e  
( p o s t f l i g h t )  summation o f  t h e  f i r i n g  d u r a t i o n s  o f  t h e  s e v e r a l  
R C S  e n g i n e s .  S i n c e  an  accuracy  o f  two p e r c e n t  was c la imed f o r  
t h i s  t e c h n i q u e ,  i t  was assumed as t h e  r e f e r e n c e  f o r  t h e  PTV data .  
I n  t h e  o r i g i n a l  p o s t l a u n c h  r e p o r t ,  t h e  f i r i n g  data i n d i c a t e d  75 
pounds more p r o p e l l a n t  consumed t h a n  d i d  t h e  PTV measurements.  It 
was n o i e d  that ih i s  i s  l ess  t han  i O  percen t  of t h e  800 pound t o t a l ,  
and t h e  e r r o r  was a t t r i b u t e d  t o  t h e  PTV s y s t e m  due t o  t h e  f a c t  t h a t  
t h i s  s p e c i f i c  s p a c e c r a f t  d i d  not have t h e  t e m p e r a t u r e  measurements 
t o  c o r r e c t  t h e  PTV r e a d i n g s .  However, t h e  r e v i s i o n  t o  t h e  p o s t l a u n c h  
r e p o r t  ( r e f e r e n c e  6 )  s t a t e s  t h a t  t h e  f i r i n g  data were i n  e r r o r  and 
o v e r e s t i m a t e d  t o t a l  consumption b y  a f a c t o r  o f  two (316 v s  169 l b s ) .  
Both v a l u e s  a re  w i t h i n  1 0  p e r c e n t  o f  t h e  PTV da t a ,  bu t  i t  would 
seem t h a t  c l o s e r  examina t ion  of t h e  data,  i n c l u d i n g  a r e c o n s t r u c t i o n  
of t h e  t e m p e r a t u r e  t i m e  h i s t o r y  n e c e s s a r y  t o  make b o t h  gag ing  
es t imates  a g r e e  w i t h  each  o t h e r ,  would have uncovered t h e  g r o s s  
e r r o r  of t h e  "two p e r c e n t "  f i r i n g  da ta .  It shou ld  be  n o t e d  t h a t  

shcwn i n  F i g u r e  7.9-8; presumably i f  t h e y  are t h e  same, t h e y  are 
CorTect .  

1- u" - L L  L1l g:agil-,g ,,,e~su~?efii&2i-lj-s agree --: J-1- 
W I L I I  each  otliei? roil t h e  CM R C S  

4 .  Maneuver Dynamics 

When t h e  a n g u l a r  a c c e l e r a t i o n s  measured d u r i n g  s e v e r a l  
v e h i c l e  maneuvers a r e  compared t o  t h e  p r e d i c t i o n s  (Tab le  7 . 9 - I V ) ,  
t h e y  d i f f e r  by  5 t o  13 p e r c e n t  b u t  t h i s  i s  t h e  l i m i t  o f  t h e  measure- 
ment a c c u r a c y  due t o  t h e  e v a l u a t i o n  t e c h n i q u e  (change o f  v e h i c l e  
r a t e s )  and s h o r t  e n g i n e  p u l s e s  ( low a c c e l e r a t i o n s ) .  T a b l e  7 . 9 - V  
shows t h a t  t h e  t r a n s l a t i o n s  ( u l l a g e  s e t t l i n g  maneuvers)  d i f f e r  
by  7 t o  8 p e r c e n t  between measurements and p r e d i c t i o n s ,  b u t  t h e  
a c c u r a c y  o f  t h e s e  data i s  only  1 0  p e r c e n t  due t o  g r a n u l a r i t y  ( A V  
p u l s e s )  and data q u a l i t y  ( d a t a  d r o p o u t ) .  Nei ther  t a b l e  p r o v e s  t h a t  
there  a re  e r r o r s  i n  t h e  p r e d i c t i o n  of v e h i c l e  dynamics d u r i n g  R C S  
maneuvers ,  but  t h e  p o s t f l i g h t  a n a l y s i s  canno t  conf i rm t h e  p r e d i c t i o n s  
t o  b e t t e r  t h a n  1 0  p e r c e n t .  Such a g r o s s  check i s  i n a d e q u a t e  t o  
v e r i f y  v a r i o u s  r e f i n e m e n t s  o f  p r o p e l l a n t  consumption p r e d i c t i o n s ;  
these  i n c l u d e  use  o f  such  pa rame te r s  as q t t i t u d e  ra te  and a t t i t u d e  
d i s p l a c e m e n t ,  and t h e  t r a d e - o f f s  between s e q u e n t i a l  and s i m u l t a n e o u s  
maneuvers .  

Maneuver Consumption Ra te s  

Table  7.9-VI l i s t s  t h e  SM R C S  p r o p e l l a n t  consumed f o r  
e i g h t  maneuvers,  s e v e r a l  o f  which are d i s c u s s e d i n  t h i s  s e c t i o n .  



. BELLCOMM, I N C .  - 3 -  

R o l l  C o n t r o l .  P r o p e l l a n t  consumption f o r  roll c o n t r o l  
d u r i n g  o p e r a t i o n  o f  t h e  S e r v i c e  P r o p u l s i o n  System (SPS) i s  g e n e r a l l y  
c o n s i d e r e d  as n e g l i g i b l e  and o f t e n  i s  n o t  i n c l u d e d  i n  t h e  p r o p e l l a n t  
budget .  For  i n s t a n c e ,  one v e r s i o n  o f  t h e  LOR budget  assumed a 
r a t e  o f  .0045 l b / s e c  ( T a b l e  11-8 o f  r e f e r e n c e  2 ) .  However, t h e  
AS-202 r a t e  was t e n  t imes g r e a t e r  t h a n  t h i s  v a l u e ;  T a b l e  7.9-VI 
shows 9 .2  l b s  were consumed on t h e  f i r s t  SPS f i r i n g  o f  215 seconds  
f o r  a r a t e  o f  .043 l b / s e c .  The 1 1 9 . 3  seconds  o f  SPS o p e r a t i o n  on 
Miss ion  AS-204 ( r e f e r e n c e  5) would t h e r e f o r e  r e q u i r e  5.1 pounds of 
RCS p r o p e l l a n t  which was not  i nc luded  i n  t h e  RCS budge t .  As much as 
26  pounds o f  RCS p r o p e l l a n t  could  be  r e q u i r e d  w i t h i n  t h e  600 second 
burn c a p a b i l i t y  o f  t h e  SPS engine ;  t h i s  amount i s  approx ima te ly  e q u a l  to 
t h e  q u a n t i t y  a l l o c a t e d  i n  v a r i o u s  budge t s  f o r  o p e r a t i o n a l  margin  
a n d j o r  unc e r i a i r i i i e s  . 

Post-Burn A t t i t u d e  H o l d .  T a b l e  7.9-VI shows t h a t  t h e  (116  
second)  a t t i t u d e  h o l d  immediately a f t e r  t h e  d e o r b i t  burn o f  t h e  SPS 
consumed 3 . 3  pounds of R C S  p r o p e i l a n t .  
35 pounds a s s i g n e d  t o  t h i s  maneuver f o r  Miss ion  AS-204 ( r e f e r e n c e  5 ) .  

T h i s  i s  t e n  t i m e s  l e s s  t h a n  t h e  

SIVI J e t t i s o n  O r i e n t a t i o n .  T a b l e  7.9-VI shows t h a t  t h e  SM 
j e t t i s o n  o r i e n t a t i o n  maneuver consumed 5.4 pounds o f  RCS p r o p e l l a n t .  
T h i s  d i f f e r s  by a lmost  a f a c t o r  o f  two from t h e  8 . 8  t o  10 .4  pounds 
a l l o c a t e d  t o  t h i s  maneuver f o r  IvIission AS-204 ( r e f e r e n c e  5 ) .  

A t t i t u d e  Hold. Table 7.9-VIn shows t h a t  t h e  3038 second 
(50 minute)  l o c a l  v e r t i c a l  a t t i t u d e  h o l d  consuned 4 6 . 2  pounds o f  pro-  
p e l l a n t  f o r  a r a t e  o f  .015 l b / s e c  o r  55 l b / h r .  The AS-204 a l lowance  
i s  7 . 5  pounds f o r  3 .75 hour s  of manual l o c a l  v e r t i c a l  a t t i t u d e  h o l d  
( r e f e r e n c e  5 ) .  T h i s  g i v e s  a r a t e  o f  2.0, l b s / h r ,  a f a c t o r  o f  25 l ess  
t h a n  t h e  AS-202 expe r i ence !  

6 .  Tot  a1 Consumption 

The p r e v i o u s  s e c t i o n  d i s c u s s e d  p r o p e l l a n t  consumption p r e -  
d i c t i o n s  which were i n  e r r o r  by  f a c t o r s  o f  2, 1 0  and 25 .  However, 
some p r e d i c t i o n s ,  such  as r o l l  c o n t r o l  and l o c a l  v e r t i c a l  a t t i t u d e  
h o l d ,  have been t o o  low; some p r e d i c t i o n s ,  such  as pos t -bu rn  a t t i t u d e  
and SM j e t t i s o n  maneuver,  have been t o o  h i g h ;  and some p r e d i c t i o n s ,  
such  as a t t i t u d e  a c c e l e r a t i o n s  and u l l a g e  s e t t l i n g s ,  have been a c c u r a t e  
to w i t h i n  1 0  p e r c e n t .  Perhaps p r o p e l l a n t  budge t s  c o n t a i n  s o  many v a r i -  
a b l e s  t h a t  a form o f  t h e  c e n t r a l  l i m i t  theorem would r e s u l t  i n  t h e  
t o t a l  p r o p e l l a n t  consumption be ing  e q u a l  t o  i t s  p r e d i c t e d  v a l u e .  

F i g u r e  7 .9-1"  shows t h a t  t h e  p r e d i c t e d  t o t a l  consumption f o r  
t h e  SiVI RCS was 257 pounds and t h e  a c t u a l  consumption was 169  pounds.  
That  i s ,  t h e  a c t u a l  i s  34 p e r c e n t  l e s s  t h a n  t h e  p r e d i c t e d  v a l u e !  T h i s  
s t a r t l i n g  d e v i a t i o n  was a t t r i b u t e d  t o  "assumpt ions ,  e s t i m a t i o n s  and 
s i m p l i f i c a t i o n s  made i n  t h e  f l i g h t  p l a n  budge t . "  

*As c o r r e c t e d  by r e f e r e n c e  6 .  
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F i g u r e  7.9-8 shows t h a t  t h e  CM R C S  u sed  6 4  pounds o f  t h e  
p r o p e l l a n t  f o r  r e e n t r y  wh i l e  t h e  p r e d i c t e d  v a l u e  was 62  pounds.  How- 
e v e r ,  t h e r e  i s  very  l i t t l e  agreement between t h e  p r e d i c t e d  and  a c t u a l  
t i m e  h i s t o r i e s  o f  usage ;  t h e  p r e d i c t e d  usage  i s  2 t o  3 t imes grea te r  
t h a n  t h e  a c t u a l  a t  c e r t a i n  t i m e s  d u r i n g  r e e n t r y .  The AS-202 r e e n t r y  
t r a j e c t o r y  was s i g n i f i c a n t l y  d i f f e r e n t  t h a n  p r e d i c t e d  because  o f  
t h e  lower  l i f t - t o - d r a g  r a t i o  (0 .28 v s  0 . 3 3 )  and t h e  s t e e p e r  f l i g h t  
p a t h  a n g l e  (-3.53' vs  -3.48'); t h i s  r e s u l t e d  i n  a 205nm uprange  
m i s s  d i s t a n c e . *  T h e r e f o r e ,  t h e  c l o s e  agreement  between p r e d i c t e d  
consumption (62  pounds)  and t h e  a c t u a l  ( 6 4  pounds)  might be  t h e  
r e s u l t  of a c o i n c i d e n c e .  O r ,  pe rhaps ,  a l l  r e e n t r y  t r a j e c t o r i e s  
consume t h e  same amount of p r o p e l l a n t .  I n  e i t h e r  c a s e ,  t h e r e  i s  
n o t h i n g  here t o  i n s t i l l  con f idence  i n  p r o p e l l a n t  consumption 
p r e d i c t i o n  t e c h n i q u e s .  

7 .  Conc lus ions  

Because Miss ion  AS-202 was n o t  consumables- l imi ted ,  was 
o v e r a l l  s u c c e s s f u l  and had no p a r t i c u l a r  problems w i t h  t h e  r e a c t i o n  
c o n t r o l  s y s t e m s ,  there  i s  a danger t h a t  these  v a l u a b l e  f l i g h t  data 
w i l l  n o t  be used  t o  c r i t i c a l l y  e v a l u a t e  t h e  "assumpt ions ,  e s t i m a t i o n s  
and s i m p l i f i c a t i o n s "  i n  c u r r e n t  u s e .  T h i s  memorandum commented on 
f i v e  a s p e c t s  o f  t h e  R C S  data a s  shown i n  T a b l e  I. Each of t hese  
a s p e c t s  shou ld  be  examined t o  t h e  p o i n t  where one o f  t h e  f o l l o w i n g  
c o n c l u s i o n s  can be a s s i g n e d :  i n v a l i d  data ,  e r r o n e o u s  p r e d i c t i o n s ,  
o r  fiew i n f o r m a t i o n .  

TABLE I 

SUMMARY OF COMMENTS 

I t e m  

p r o p e l l a n t  l o a d i n g  
p r o p e l l a n t  gag ing  

e n g i n e  f i r i n g  d u r a t i o n s  
Helium PTV 

maneuver dynamics 
maneuver consumption 
t o t a l  consumption 

Comments 
b 

o f f - l o a d e d  1-3% 

1 - 2 %  accuracy  claimed 
1 0 %  e r r o r  due t o  temp. 

1 0 %  data  accuracy  
f a c t o r s  of 2 ,  1 0  and  25 
34% below p r e d i c t i o n  

The f i r s t  c a t e g o r y ,  i n v a l i d  da t a ,  a n t i c i p a t e s  t h e  p o s s i -  
b i l i t y  t h a t  s c r u t i n y  o f  t h e  f l i g h t  data may remove t h e  j u s t i f i c a t i o n  
f o r  c e r t a i n  s t a t e m e n t s  and c o n c l u s i o n s  c o n t a i n e d  i n  t h e  p o s t l a u n c h  
r e p o r t .  Under t h e  c a t e g o r y  of e r r o n e o u s  p r e d i c t i o n s  would be i n -  
c l u d e d  any numer i ca l  mis takes  as  w e l l  as improper  o r  i ncomple t e  use  
of a v a i l a b l e  i n f o r m a t i o n .  The t h i r d  c a t e g o r y ,  new i n f o r m a t i o n ,  would 
be  used  where t h e  bes t  p r e d i c t i o n  t e c h n i q u e s ,  which were a v a i l a b l e  
b e f o r e  l a u n c h ,  d i d  no t  a c c u r a t e l y  a n t i c i p a t e  t h e  f l i g h t  r e s u l t s .  T h i s  
l a s t  c a t e g o r y  would lead t o  r e v i s i o n s  o f  t h e  p r e d i c t i o n  t e c h n i q u e s .  

"F igu re  7.11-15 i n d i c a t e s  a 600nm downrange m i s s  d i s t a n c e  would 
have r e s u l t e d  i f  t h e  p r e d i c t e d  v a l u e s  o c c u r r e d ;  no doubt  t he re  i s  
a n  e r r o r  i n  t h e  i l l u s t r a t i o n .  
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The f a c t  t h a t  t hese  f l i g h t  data are  s t i l l  o f  c u r r e n t  
i n t e r e s t  and  t ha t  t h e r e  i s  s t i l l  knowledge t o  b e  g a i n e d  from them 
can  be  seen  from t h e  f o l l o w i n g  d i s c u s s i o n s  of  r e f e r e n c e s  6 ,  7 
and  8, each  o f  which i l l u s t r a t e  one o f  t h e  t h ree  p o s s i b l e  c a t e g o r i e s .  
U n f o r t u n a t e l y ,  t h e y  are piecemeal  s o l u t i o n s  t o  the problem and  
ra i se  as  many q u e s t i o n s  as t h e y  answer .  

An example o f  t h e  i n v a l i d  data  c a t e g o r y  i s  t h e  c o r r e c t i o n  
t o  t h e  p o s t f l i g h t  r e p o r t  ( r e f e r e n c e  6 ) .  P r o c e s s i n g  of  t h e  P r e t o r i a  
t e l e m e t r y  data has shown t h a t  t h e  p r e v i o u s l y  p u b l i s h e d  p r o p e l l a n t  
consumption data based on t h e  eng ine  f i r i n g  g a g i n g  t e c h n i q u e  was 
i n  e r r o r .  T h i s  ra i ses  t h e  fo l lowing  q u e s t i o n s :  What i s  t h e  f u l l  
impact of t h e  f ac t  t h a t  t h e  c o r r e c t e d  es t imate  shows t h a t  t h e  t o t a l  
p r o p e l l a n t  consumption i s  on ly  h a l f  o f  t h e  p r e v i o u s  es t imate? 
Is it  s t i l l  v a l i d  t o  a t t r i b u t e  t h e  " e r r o r "  o f  t h e  PTV s y s t e m  t o  t h e  
l a c k  of t e m p e r a t u r e  measurements? Why d i d n ' t  t h e  PTV r e a d i n g s  
uncover  t h e  f a c t o r  two e r r o r  i n  t h e  f i r i n g  da t a?  

A s  a n  example of t h e  e r r o n e o u s  p r e d i c t i o n  c a t e g o r y ,  t h e  
November 1, 1966, r e v i s i o n  of t h e  AS-204 Miss ion  Modular Data Book 
( r e f e r e n c e  7 )  u s e s  t h e  r e s u l t s  o f  AS-201 and AS-202 t o  e l i m i n a t e  t h e  
r equ i r emen t  t o  a s s i g n  2 0  t o  60 pounds o f  RCS p r o p e l l a n t  t o  m a i n t a i n  
a t t i t u d e  a f t e r  each  SPS burn .*  While t h i s  was a c o n t r o v e r s i a l  
r e q u i r e m e n t ,  i t  i s  a good example o f  t h e  p o i n t  i n  q u e s t i o n .  Were t h e  
AS-201 r e s u l t s  t o o  i n c o n c l u s i v e  t o  r e v i s e  t h e  r e q u i r e m e n t ?  What 
was t h e  c o n f i d e n c e  i n  t h e  i n f o r m a t i o n  used  i n  t h e  a n a l y t i c a l  p r e -  
d i c t i o n  t h a t  i t  c o u l d  n o t  be c o r r e c t e d  w i t h o u t  a second f l i g h t  and  
a n  a d d i t i o n a l  s i x  months? Is o u r  knowledge o f  p r o p e l l a n t  s l o s h  
and c o n t r o l  l o o p  dynamics s o  e m p i r l c a l  t h a t  c e r t a i n  p r e d i c t i o n s  are 
v a l u e l e s s ?  While w e  now have an answer  f o r  t h e  Command S e r v i c e  
Module, a t  l eas t  f o r  s p e c i f i c  SPS p r o p e l l a n t  l o a d i n g s ,  what c o n f i d e n c e  
can  be p l a c e d  i n  p r e d i c t i o n s  f o r  t h e  Lunar Module? 

The t h i r d  c a t e g o r y ,  new i n f o r m a t i o n ,  i s  i l l u s t r a t e d  by  
a n  MSC memorandum ( r e f e r e n c e  8 )  which was a n  a t t e m p t  t o  g l e a n  new 
i n f o r m a t i o n  from t h e  f l i g h t  r e s u l t s .  It examined t h e  r o l l  c o n t r o l  
c h a n n e l  f o r  b o t h  main eng ine  o p e r a t i o n  and a t t i t u d e  ho ld ;  i t  
a t t r i b u t e d  t h e  unexpec ted  behav io r  o f  t h i s  channe l  t o  l o n g e r  R C S  
p u l s e s ,  a s y m m e t r y  o f  t h e  main engine  t h r u s t  v e c t o r ,  and p i t c h - r o l l  
c r o s s - c o u p l i n g .  But why was t h e  a v e r a g e  p u l s e  d u r a t i o n  4 0  m s  
i n s t e a d  of 18  m s ?  And what i s  t h e  o r i g i n  o f  t h e  s t r u c t u r a l  t o r s i o n a l  
r e s o n a n c e  a t  1 4 . 5  cps?  I n c i d e n t a l l y ,  t h i s  MSC memorandum made a 
f e w  comments about  t h e  p r o p e l l a n t  consumption f o r  l o c a l  v e r t i c a l  
a t t i t u d e  h o l d  which shou ld  b e  u p d a t e d  i n  l i g h t  o f  t h e  data c o r r e c t i o n  
o f  r e f e r e n c e  6.  

* T h i s  l e d  t o  a n  AS-204 r equ i r emen t  o f  hav ing  no a t t i t u d e  
c o n s t r a i n t  f o r  1 0  minu tes  a f t e r  e a c h  SPS burn  t o  conse rve  p r o p e l l a n t  
( r e f e r e n c e  5 ) ;  presumably t h e s e  p e r i o d s  o f  u n c o n t r o l l e d  a t t i t u d e  
w i l l  now b e  e l i m i n a t e d .  
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These q u e s t i o n s  can  b e s t  b e  answered b y  a u n i f i e d  approach  
t o  t h e  problem which would i n c l u d e  t h o s e  r e s p o n s i b l e  f o r  t h e  con- 
c l u s i o n s  s t a t ed  i n  t h e  pos t l aunch  r e p o r t ,  t h o s e  i n v o l v e d  i n  t h e  
c u r r e n t  a n a l y t i c a l  p r e d i c t i o n s  and t h o s e  r e s p o n s i b l e  f o r  t h e  
o p e r a t i o n a l  a s p e c t s  of  a c t u a l  H C S  usage .  Such a s t u d y  would lead 
t o  more c r i t i c a l  p o s t f l i g h t  a n a l y s i s ,  more conce rn  f o r  p u b l i s h e d  
p r e d i c t i o n s  and a re -examinat ion  o f  t h e  c r e d i b i l i t y  o f  v a r i o u s  
budge t s  and /o r  a l l o c a t i o n s .  

2 0 3 1 - J J 0- s am 

Attachment 
Refe rences  

copy t o  
(See n e x t  page )  
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copy t o  
Messrs. C .  H .  

L .  E .  
J .  K .  
T .  A .  
C .  H .  
D .  L .  

A .  D .  
R .  V.  
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Bolender  - NASA/MO-1 
D a y  - NASA/MAT 
H o l c o m b  - NASA/MAO 
K e e g a n  - NASA/MA-2 
K i n g ,  Jr. - NASA/MAT 
Win te rha l t e r  - NASA/MAT 

A l d r i c h  - M S C / F C  
B a t t e y  - M S C / P M  

A .  C o h e n  - M S C / P D 4  
K .  J .  
M .  P .  
V .  I .  
J .  B .  
H .  A .  
C .  F .  
A .  D .  
0 .  E .  
J .  A. 
R .  E .  
R .  G .  
R .  J .  
D .  P .  
R .  W .  

C O X  - M S C / E G 2 3  
F rank  - MSC/FMC; 
G r i s s o m  - M S C / C B  
Jones  - M S C / C F 3 2  
K u e h n e l  - M S C / C F 3 2  
L i v e l y  - M S C / E G 2 3  
Mardel - M S C / P A  
Maynard - M S C / P M  
M c D i v i t t  - M S C / C B  
M c K a n n  - M S C / P M 4  
R o s e  - M S C / F A 3  
Taeube r  - M S C / E P 4  
Weary - M S C / E P 4  
W i l l i a m s  - M S C / P D  

C .  Bidgood 
D .  R .  H a g n e r  
A .  H e i b e r  
W .  C .  H i t t i n g e r  
B .  T .  H o w a r d  
J .  Z .  Menard 
I .  D .  N e h a m a  
B.  G .  N i e d f e l d t  
E .  A .  N u s s b a u m e r  
T .  L .  P o w e r s  
I .  M .  R o s s  
R .  V .  S p e r r y  
T .  H .  Thompson 
G .  B .  T r o u s s o f f  
R .  L .  Wagner 

C e n t r a l  F i l e s  
D e p a r t m e n t  2 0 3 1  
D e p a r t m e n t  1 0 2 3  
L i b r a r y  
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